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[57] 



ABSTRACT 



A system for evaluating the thermal impedance of packaged 
semiconductor chips. The measuring apparatus includes a 
thermostatic bath filled with a dielectric liquid and a tem- 
perature sensor for measuring the temperature of the bath. 
The semiconductor chip is subjected to a calibration step 
followed by a thermal response measurement step. Increas- 
ing the power pulse length allows measurement of the 
steady-state junction-to-case thermal resistance. The mea- 
suring apparatus and method is further used for tracing 
in-situ degradation of packaged semiconductor chips due to 
power cycling. 

14 Claims, 5 Drawing Sheets 
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METHOD AND APPARATUS FOR THERMAL diodes and transistors. The environmental conditions are not 

IMPEDANCE EVALUATION OF PACKAGED specified, though it is assumed that the package reference 

SEMICONDUCTOR COMPONENTS location is kept at a constant temperature. 

There are disclosed in "Journal de la Physique. Part T\ 

REFERENCE TO RELATED APPLICATION 5 Number 3, Apnj 1993% Paris . of pierre Paris Jean-Marie 

This application claims priority benefits under 35 U.S.C Hausonne et Jean Lostec. for "Apparcil permettant la car- 

§ 119 based upon Belgian Patent Application No. 09400949. actcrisation thermique de substrats et materiaux a forte 

filed on Oct 19. 1994. PCT application Ser. No. PCI7BE95/ conductibilit6 pour micro-eiectronique" an apparatus and 

00085. filed Sep. 18. 1995. and U.S. provisional application method for characterising the thermal conductivity of sub- 

Ser. No. 60/003.899. filed on Sep. 18, 1995. 10 strates used in semiconductor packaging. This method is 

limited to measure the thermal properties of ceramic sub- 

FIELD OF THE INVENTION strate samples and cannot be applied to packaged semicon- 
ductor chips. 

The prese* invention relates to an apparatus and method U.S. Pat. No. 4.840.495 describes a method and apparatus 

Setor^ 8 UnPC< ^ nCe ** * SC " UCOn " f0r meaSUrin S me thenaal resistance of a chi P a^aW 

c or ps * including a semiconductor chip which is glued on a sub- 

BACKGROUND OF THE INVENTION S *? e - ™ S 1 method rc ^ es the semiconductor chip acces- 

sible at the heat source side. Though, in a lot of applications 

The operating temperature is one of the most important ^ a semiconductor chip is enclosed in some type of package 

factors affecting the reliability and performance of semicon- which prevents a direct contact at the chip heat source. Thus 

ductor chips. Large scale integration of integrated circuits it is not possible, with the methods of the prior art. to 

leads to a higher power density, and means more and more measure the thermal resistance of fully packaged semicon- 

heat dissipation per surface area of the semiconductor chip. ductor chips. 

Materials, packages, processing and cooling methods of ^ Due to me inaccessibility of me packaged semiconductor 

semiconductor chips have to meet strong requirements to chip, an indirect but non destructive method is used to 

keep the operating temperature below a critical junction determine the junction temperature, which is defined as 

temperature specified by the manufacturer and which must highest temperature. Temperature sensitive electrical param- 

not be exceeded or failure of the semiconductor chip will eters on the chip can be used as thermometers for indirect 

occur. Especially high technology and power devices must ^ sensing of chip temperature, 
effectively transfer heat to the ambient 

Thermal performance of packaged semiconductor chips is OBJECT OF THE INVENTION 

toiditionally expressed by the steady-state junction-tcxase It is an object of the present invention to provide « 

d^mal resistance ^ between junction and some reference solution fa ^ problems ^ t0 £ ovide ^ 

locauon at uiepackage. The ttiermal resisUnce is defined as 35 apparatus Md a for acci £ ate and repr oduc!ble mea- 

' h= ? r l^ d T ^ CSt su^ement of the thermal impedance of packaged semicon- 

perature further referred to as the junction temperature. T^ ductor chips< particular l y Tth a high cLudensity. 

is some reference temperature at the package, and P denotes ^ K 7 ^ 7 

the electrical power being dissipated in the semiconductor SUMMARY OF THE INVENTION 
chip. Standard measurement procedures such as SEMI G30- 40 

88. SEMI G43-87, MIL-STD-883G Method 1012 should Accordingly, there is provided according to the present 
maintain consistent and repetitive results. These methods invention an apparatus for evaluating the thermal impedance 
offer a choice of using either a fluid bath or a heat-sink of a packaged semiconductor chip with a high circuit 
environment and both assume that the measured thermal density, remarkable in that said apparatus comprises a ther- 
resi stance is independent of such environmental choice. 45 mostatic fluid bath, provided for a uniform, stable and 
Unfortunately, the environmental conditions (e.g. flow field accurate thermal boundary condition and at least one raea- 
in fluid bath, circulation rate) may strongly influence the suring unit for measuring the temperature of the fluid of said 
measured junction-to-case thermal resistance. As a result oath. The invention thus makes it possible to measure all or 
strong differences in thermal resistance can be measured part of the thermal path of a packaged semiconductor, 
when using the same standard method in different environ- 50 It is further object of the present invention to provide a 
mental conditions. Moreover, according to the mentioned method and apparatus for in-situ monitoring of the presence 
standards, the reference temperature is measured using a and growth of defects in the semiconductor chip and pack- 
thermocouple in contact with the package surface. Attach- age under power cycling. 

ment of a thermocouple heavily disturbs the heat transfer According to a further embodiment of the invention, said 
between package and environment Large system distur- 55 a( least one measuring unit is formed by a temperature 
banc* errors are thus introduced in the measurement chain. sensor for measuring the temperature of the fluid in said 
Resulting in hugh uncertainties of the actual thermal resis- batb; and said apparatus further comprises means for adjust- 
tance value. ing ternperattire of said bath; means for measuring the 
As the reliability of semiconductor chips docs not only value of a temperature sensitive electrical parameter of the 
depend on the steady-state temperature, but also on tem- 60 semiconductor chip being evaluated; means for forcing a 
perature changes and gradients, measurement of the tran- small current to allow measurement of said temperature 
sient thermal behaviour of semiconductor chips has gained sensitive electrical parameter; means for dissipating electri- 
in creasing importance. The thermal impedance, defined as cal power in said semiconductor chip; switching means for 
the transient thermal resistance, contains a lot of information switching said power rapidly on and off; means for measur- 
concerning the semiconductor chip integrity and chip attach 65 ing the value of said electrical power; and means for 
quality. Thermal impedance measurement techniques are monitoring and storing the value of said temperature seasi- 
de scribed in MIL-STD-750C for various devices, such as tive electrical parameter as a function of time. 



a 
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According to a preferred embodiment of the invention, 
and thermostatic bath is filled with a dielectric/fluid and 
more particularly, said dielectric fluid is a silicone oil or 
FLUORDNEKT liquid with boiling point above 100° C. and 
pour point less than -25° C. 

More specifically, the present invention aims at solving 
the problems related to the mentioned standard methods for 
measuring the steady-state and transient thermal perfor- 
mance of semiconductor chips. According to a further pre- 
ferred embodiment of the present invention, the apparatus 
therefor further comprises a pump means for recirculating 
said fluid in said bam. Therewith, a uniform, reproducible, 
stable, and accurate thermal boundary condition can be 
created and achieved for the packaged chip as well during 
calibration of the temperature sensitive electrical parameter 
as during the actual thermal response measurement 

According to a variant of the present invention, said 
apparatus further comprises means to create one or more 
impinging liquid jets that are directed with a predetermined 
angle, preferably substantially perpendicular, relative to the 
surfaces of the packaged semiconductor chip being evalu- 
ated. Therefore, an appropriate submerged liquid jet 
impingement cooling scheme has been constructed. 

In connection with said circulator pump, the required fluid 
outlet velocity can be achieved, and said one or more liquid 
jets impinging at one or more package surfaces can be 
created with a perfect reliability. 

According to a preferred embodiment of the latter, said 
liquid jet creating means comprises at least one nozzle. 

According to a further preferred embodiment thereof, the 
number and diameter of said nozzles, and capacity of said 
pump is chosen to ensure that the external temperature drop 
between package and fluid never exceeds a pre-determined 
value. The convective heat transfer between fluid and pack- 
age is characterised by such high heat transfer coefficients, 
that the package surface is quasi-isothermal and its tempera- 
ture always approximates the liquid temperature. Measure- 
ment of the liquid temperature can be performed by an 
accurate platinum resistance thermometer, without disturb- 
ing the heat transfer between package and liquid 

A measuring apparatus for performing the method accord- 
ing to a preferred combination in the present invention is 
remarkable in that it includes said thermostatic bath unit 
with said circulator pump and liquid jet impingement 
construction, and filled with a dielectric liquid, the liquid 
temperature being measured with a temperature sensor, a 
current source to supply the small calibration current during 
calibration and thermal response measurement, a power 
supply to dissipate the power during thermal response 
measurement, a digital storage oscilloscope or multimeter to 
capture and store the response of the temperature sensitive 
electrical parameter, and a wave form generator or VO 
interface to rapidly apply and remove the power pulse to the 
chip under test 

In a method for measuring the thermal impedance of 
packaged semiconductor chips by means of an apparatus 
according to the present invention, there are comprised the 
steps of immersing the packaged semiconductor chip in a 
bath filled with a dielectric liquid; calibrating an on-chip 
temperature sensitive electrical parameter; and a thermal 
response measurement 

More specifically, said calibrating step is carried out by 
controlling the temperature of said liquid over a range of 
pre-set temperature values and recording the value of the 
temperature sensitive electrical parameter and the value of 
the liquid temperature when thermal equilibrium is reached 



4 

at each temperature setpoint. and wherein an electrical 
power pulse is dissipated in the semiconductor chip during 
said thermal response measurement step. 

Still further, said electrical power is measured; the value 

5 of the temperature sensitive electrical parameter is moni- 
tored and stored as function of time during and/or after the 
application said of power pulse; and wherein the response of 
said temperature sensitive electrical parameter is converted 
into a temperature response using the data obtained in the 

10 calibrating step. 

It can further specifically be provided that said tempera- 
ture sensitive electrical parameter yields the highest tem- 
perature of the semiconductor chip. 
According to an advantageous embodiment of the method 

5 in the present invention, said temperature sensitive electrical 
parameter is chosen in such a way to obtain a linear 
relationship between said temperature sensitive electrical 
parameter and temperature. 

Another drawback of the traditional methods described in 

20 the mentioned standards is their limitation to momentary 
evaluation of the thermal resistance, i.e. the evolution in 
time due to power or temperature cycles cannot be moni- 
tored using the same equipment The traditional methods 
require the test chip to be transferred to another apparatus in 

25 order to subject it to temperature cycles. 

According to a preferred embodiment of the method of 
the invention, it further comprises the step of monitoring 
in-situ thermal degradation of the packaged semiconductor 
chip by alternating the calibration and thermal response 

3Q measurement step with a power cycling step. The measure- 
ment method can thus be applied more particularly for 
measuring in-situ thermal degradation in the semiconductor 
chip and package due to power cycling. Power cycles induce 
temperature cycles which may affect on-chip electrical 

35 parameters and cause defects such as cracks, voids, de lami- 
nation in the semiconductor chip and package. 

The method of the present invention thus allow power 
cycling and thermal impedance evaluation using the same 
apparatus. Changes in thermal impedance can be monitored 

40 in-site during a long period of thermal loading. A tempera- 
ture cycle is induced by hearing the semiconductor junction 
region for a short period, followed by thermal equilibrium at 
the liquid temperature. After a certain number of such 
cycles, a thermal impedance measurement is performed. The 

45 present invention can thus be used to monitor the thermal 
degradation of semiconductor chips. 

More specifically, said power cycling step includes the 
application of a pulsed power signal. The transient thermal 
impedance is an extremely important characteristic of a 

50 semiconductor chip. It contains a lot of information about 
the thermal properties of the semiconductor chip and chip 
attach region. Due to the difference in thermal time constants 
of the semiconductor chip and the package, the thermal 
impedance is much more sensitive to the presence of voids 

55 and cracks than the steady-state thermal resistance. The chip 
thermal time constant is generally some orders of magnitude 
smaller than mat of the package. By heating the device with 
a power pulse, short enough such that the heat energy only 
has the time to flow through the chip and into the chip attach 

so area, the temperature rise includes only the chip and chip 
attach resistance. In addition, for devices working under 
pulsed power operation conditions, it is the transient thermal 
impedance which determines by how much and for how 
long the DC power dissipation level of the device can safely 

65 be exceeded. 

According to a further preferred embodiment, the 
amplitude, period and duty cycle of said power signal form 
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is chosen in such a way to get the maximum junction FIGS. 6 and 7 show curves representing average convec- 

temperature near a critical temperature, and to allow thermal tive heat transfer coefficient as function of the number of 

equilibrium berween successive power pulses. outlet nozzles and nozzle diameter with as working fluids 

In the present invention, the thermal performance is water and FC-70 respectively, 

determinedby two important characteristics, the steady, state 5 DESCRIPTION OFTHF PRPFPRRPD 

thermal resistance between junction and (quasi>isothermal Ub^LKIFl l^OFTrre PREFERRED 

case, and the thermal impedance when a heating pulse is EMBODIMENT 

applied to the junction region of the semiconductor chip. In The apparatus for the measurement set-up is scheraati- 

the present method according to the invention, the steady- caliy shown in FIG. I. wherein 9 represents a thermal 
state thermal resistance between junction and case is io impedance evaluation system, comprises a processing unit, 

obtained by increasing the heating pulse duration length e.g. a computer 10. that may be equipped with instrument 

until the junction temperature reaches equilibrium control software, and connected to the measurement and 

In order to create a large temperature difference between control instruments by means of a GPIB interface 11. A 

package and junction which exceeds a predetermined value. thermostatic fluid bath 12 is included in the apparatus. The 

the power cycling step preferably further comprises the step 15 b f m vessel is filled with a dielectric fluid 13. such as silicone 

of controlling the fluid temperature at a low value e. g., °^ 01 a FLUORINERT liquid. Preferably, a fluid with a 

between -50° C. and 0° C. boiling point above 100° C. and a pour point below -25° C. 

In a preferred mutual combination, the method of mea- is ^f 4 *^ 1/0 interface 18 is used for controlling the 
surement of thermal impedance according to the invention is set P° int °f the thermostatic bath. Said bath 12 serves as a 
remarkable in that it comprises a calibration step to derive 20 °° nlro l]ed temperature environment capable of niaintaining 
the relationship berween an on-chip temperature sensitive ^ wholc semiconductor chip and package 14 within 
electrical parameter and temperature, being performed by C - of the liquid temperature during calibration step 
immersing the packaged semiconductor chip in a thermo- of me tem P crature sensitive electrical parameters. The semi- 
static bath with circulator pump and filled with a dielectric conductor chip 14 is immersed in said liquid 13, and is 
liquid, thereby providing a perfectly stable, uniform and 25 "mounded a liquid jet impingement constructed 15, as 
accurate temperature chamber. The method of measurement shoWD m FSGt 4 * com P risill g a t^g system 35. 36 and one 
of thermal impedance according to the invention is further or morc nozzles 37 whicn directed towards one or more 
characterised in that it comprises a thermal response mea- P acka ge surfaces. A circulator pump 16 provides the 
surement step while the semiconductor chip is immersed in ™<l uixtd fl °w rate indicated by the direction of arrow 
the fluid bath and cooled by one or more impinging liquid 30 rcfcrcnccd Wlth F to obtain one or more high velocity 
jets, comprising the application of a power pulse, removal of imaging liquid jets 38 on the package surfaces of the 
the power pulse, capturing and storing of the temperature semiconductor chip 14. The liquid temperature is measured 
sensitive electrical parameter during heating and/or cooling usm S a temperature sensor 17, which may be a platinum 
down, converting the response of this parameter to tempera- thermometer. 

turc using the previously derived calibration relationship. 35 A multimeter 22 is destined to read the value of the 

and calculating the thermal impedance from the junction temperature sensitive electrical parameter during the cali- 

thermal response, the measured liquid temperature, and bration step, and the value of the heating voltage and heating 

measured heating power. current during the power pulse application of the thermal 

According to a further embodiment according to the response measurement step. The second multimeter 21 reads 

invention it can be used for monitoring in-situ change of 40 * e of me temperature sensor 17 during the calibra- 

thermal impedance due to thermal degradation, by altexnat- tioD and thermai res P°nse step. 

ing a certain number of power cycles in the semiconductor A constant current source 23 is also included in the 

chip with a thermal impedance measurement, without the apparatus. This current source provides a fixed small current 

need for supplementary apparatus. during the calibration and thermal response measurement as 

Further features and advantages of the invention w01 45 snown ta FIGS * 2 m(X 3 ' ^ currcil t is set in the range 100 

become clear from the detailed description of an exemplary ^ 10 mA - 

embodiment, in conjunction with the drawings. A power supply 24 provides the heating power in the 

BRIEF DESCRIPTION OF THE DRAWINGS ^ SSHS^^ ^ " ^ ^ ^ 

FIG. 1 represents a block diagram of a set-up apparatus As shown in FIG. 3, an electronic switch 5 is used to apply 

according to an embodiment of the present invention. and remove the heating power during the thermal response 

FIG. 2 represents a block diagram similar to that of FIG. measurement step, or during an ageing test. This electronic 

1, showing an apparatus for the calibration step of the switch is controlled by a wave form generator 26 or an VO 

temperature sensitive electrical parameters according to the 55 interface. 

present invention. In or de r to record the temperature sensitive electrical 
FIG. 3 represents a block diagram of a measurement parameter as function of time during heating and/or cooling 
set-up apparatus according to a further embodiment of the of the semiconductor chip, a digital storage oscilloscope 25 
present invention for the thermal response measurement or digital storage multimeter is included in the apparatus, 
step- 60 ^e described instruments 21 ... 26 are controlled by the 
FIG. 4 is a graph representing a liquid jet impingement computer over a GPIB-interface 11. The measured data is 
construction used to create one or more parallel impinging read and stored for post-processing purposes, 
liquid jets on the main surfaces of the packaged semicon- The method of thermal impedance measurement accord- 
ductor chip according to a variant of the present invention. ing to the present invention consists of two major steps: a 
FIGS. 5 and 8 represent typical calibration curves 65 calibration step and a thermal response measurement step, 
obtained by the measurement system related to the present The calibration step is performed by immersing the pack- 
invention, aged semiconductor chip under test in the thermostatic bath 
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12 that acts as temperature controlled environment. During as shown in FIG. 4. One or more impinging liquid jets 38 are 

this calibration step, the temperature of the semiconductor directed perpendicular to the surfaces of the packaged 

chip is externally governed by the liquid, the value of the semiconductor chip 14 under test. One or more nozzles 37 

temperature sensitive electrical parameter is measured and in the outlet plane 39 increase the outlet velocity to obtain 

recorded at different pre-set temperature setpoints. The 5 the liquid jets 38. The convective heat transfer between fluid 

apparatus required for the calibration of the voltage drop of and package is characterised by such high heat transfer 

a forward polarised diode 14 is shown in FIG. 2. coefficients, that the package surface is quasi-isothermal and 

During the thermal response measurement step, the its temperature approximates the liquid temperature. The 

device is heated for a certain time period by applying an number and diameter of said nozzles 37. and the capacity of 

electrical power pulse at the junction region of the semi- , 0 said pump is chosen to ensure that the external temperature 

conductor chip. The dissipated power is measured Depend- drop between package and fluid never exceeds a predeter- 

ing on the art of the temperature sensitive electrical mined value. The reference package temperature is then 

parameter, its heating and/or cooling response is monitored obtained by measuring the controlled liquid temperature, 

as f unction of time on the digital storage oscilloscope 25 or Measurement of the liquid temperature can be performed by 

multimeter. Then, the stored response of the temperature an accurate platinum resistance thermometer, without dis- 

sensitive electrical parameter is converted into a temperature curbing the heat transfer between package and liquid, 

response according to the relationship derived in the cali- For obtaining large heat transfer coefficients at a surface 

oration step. the usc c f one ^ more impinging jets is involved. 

The calibration is done by immersing the chip into a Convective heat transfer coefficients of the order of 
thermostatic bath, filled with a dielectric liquid In order to lfJ qqq w/m * ^ ^ ac hieved using liquid impinging jets, 
characterise the transient thermal behaviour of semiconduc- ^ convective heat transfer coefficients are well 
tor chips in an indirect way, an appropriate temperature $uitcd l0 me thermal characterisation of electronic 
sensitive electrical parameter inside the chip must be cali- pac kages in a fluid bath environment. A bid advantage of 
brated versus temperature. The temperature sensitive elec- impingement cooling is the small external temperature dif- 
trical parameter and the magnitude of the calibration current fcrence between case and fluid A simple calculation, assura- 
shall be chosen so that the value of the parameter is a linear ing a ^ tnDS f a coefficient of 40.000 W/m 2 K shows that 
function over the normal operating temperature range of the ^ cx ternal convective thermal resistance for a 2 cm surface 
chip. In addition the electrical parameter should yield the ^ is ^ low ^ rj.0625 K/W, which is much smaller than 
maximum temperature inside the chip. Useful temperature mc experimental measurement accuracy obtained by the 
sensitive electrical parameters are the forward diode voltage ^ actual R sta ndard methods. In order to find the optimal 
for power diodes, base-emitter voltage for bipolar nozzk configuration, i.c. number of parallel nozzles, 
transistors, source-drain diode voltage or gate-source thresh- no zzle diameter <|>, and nozzle-to-package separation 
old voltage for MOSFETs. distance, a fundamental understanding of the hydrodynarnic 
The temperature of the bath is varied over a certain range. ^ thermal conditions of an impinging jet flow is required 
e.g. 10°-100° C. A thermostatic bath is the most accurate 35 Uquid ^ impingement cooling schemes can be divided 
kind of controllable temperature environment. int0 ^ categories: free surface jet impingement and sub- 
Once the value of the temperature sensitive electrical merged jet impingement. A free surface jet is discharged into 
parameter has stabilised, the temperature of the dielectric ^ ambient gas, while a submerged jet is discharged into a 
liquid is measured, e.g. by a plarimum resistance thermom- stagnant fluid of the same type. These two types of imping- 
eter and the value of the temperature sensitive electrical ^ ing jets significantly differ in their hydrodynarnic and ther- 
parameter is recorded The data is automatically regressed ^ performance. A free surface jet flow is characterised by 
and the correlation coefficients are stored in a file directly a vcrY sma u shear stress at the liquid/gas interface. In the 
accessible to the control software during subsequent absence of gravitational acceleration, the jet diameter and 
response measurement. During the calibration step, the heat m e nozzle exit velocity are preserved until impingement on 
dissipation in the chip has to be rmnimised to be sure that the 45 mc target surface. This hydrodynarnic behaviour causes the 
internal temperature is equal to the liquid temperature. This convective heat transfer between fluid and surface to be 
can be accomplished by choosing the measurement current independent of the nozzle-to- surface separation distance. A 
in the range of 100 uA for small devices to 100 mA for larger submerged liquid jet is characterised by a shear layer 
ones. between jet and the surrounding fluid Experiments with 
FIG. 5 shows the calibration curve for the forward ^ both water and FC-77 have shown that the convective heat 
polarised base-emitter voltage of an npn bipolar transistor as transfer coefficient is higher for a submerged jet with S/d=3 
function of temperature. This curve was constructed for a than for a free surface jet. for Re^OOO. The higher Nusselt 
calibration current equal to 100 uA and represents a linear numbers obtained with the submerged jet can be attributed 
relationship between temperature sensitive electrical par am- to heat transfer enhancement by turbulence generated in the 
cter TSEP and temperature T. The collector-base voltage was 55 fr cc shear layer of the jet. For submerged jets, the Nusselt 
set to 15V. number (and heat transfer coefficient) is quasi independent 
FIG. 8 shows an analogue calibration curve for the for S/d for l<S/d<4. This can be explained by the fact that, 
gate-source voltage versus temperature for an N-channel for l<S/d<4, the beat source is still located within the 
TMOS power FET transistor. The calibration drain-source potential core of the jet Furthermore the Nusselt number 
current is 100 uA. The drain-gate voltage was set to 15V. ^ decreases with increasing S/d ratio for large separation 
FIG. 3 represents the measurement set-up for the thermal distances. The highest heat transfer coefficients are thus 
response measurement step. The chip under test 14 is obtained for submerged jets and small S/d values, Le. 
immersed in the thermostatic fluid bath 12 while the liquid S/d^4. 

temperature is maintained at a pre-set value. The liquid is For an unconfined. submerged circular jet the local and 

recirculated in the bath by means of a pump. 63 average convective heat transfer coefficients are affected by 

The packaged semiconductor chip is cooled by one or nozzle exit velocity profile, jet turbulence, jet Reynolds 

more submerged impinging liquid jets, using a construction number, nozzle-to-surface distance, and the size of the target 
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surface. At this point, the ratio S/d is set at a fixed value current I M . which must be equal to the calibration current 
~. • • ' \ The s . ue 5 ^ r suxface depe^ on the The value of I„ is usually at least two orders of magnitude 
dup and package size. To be useful for most package types, greater than the value of L, 

^lll'ff "Z 1 * kngth If 25 ■ mm is ^ esuraed - Several An electronic switch 5 allows one to rapidly apply and 

5 ™ - — « the test^ ffi the 
nauon of correlations Er *e two ^"te ™ I w is dways flowing. The switch 

impingement region was assumed to extend to a radius of 1, 5 "1 ^ T P°^«» : ™ <?P* n P<»*on A and a closed 
9 and to be followed by transition to a turbulent wall jet f° S B * ™ c P 05 * 00 of switch 5 1S contro " ed b y a wave 
region. fonn generator 26 or I/O interface. When the switch is in 

10 open position A, the value of the temperature sensitive 
Nu L _ L L (4) electrical parameter is measured which provides the initial 

- Cj /te rf /n-j A r + a Re L • /i (i device temperature. Then the device is heated for a short 

period of time by switching the switch 5 to the closed 
whCTe position B. The dissipated power is measured as the product 

n(i9d a ( ~ 15 of Cheating current I„ and the heating voltage V„ result- 

A '= x Ll r { } ing from application of this current After an adjustable pulse 

duration, the switch 5 is again moved to the open position A 
m = 05 and the heating and/or cooling response of the temperature 

n = 0.8 sensitive electrical parameter is stored in memory of the 

Ci = 0.785 20 digital storage oscilloscope 25 or multimeter. Next, the 

c 2 = 0.0257 response of the temperature sensitive electrical parameter is 

w converted into a temperature response using the calibration 



curve. 

and L* denotes the average lenght of the wall region: ITie mvenuon thus represents a nondestructive and repro- 

25 ducible test method to evaluate the steady-state and transient 
L* = Slil+jL* )LlL*£ i6) thermal performance of electronic chips. The measurement 

2 procedure related to the present invention allows a qualita- 

For multiple, unconfined submerged jet configurations, the ^ vc evaluation of the mechanical integrity of the sernicon- 
same correlation can be used to calculate the average con- ductor chip and chip attach based on the thermal character- 
vective heat transfer coefficient. In this case, the length L in 30 istics. 

equations (4). (5) and (6) has to be replaced by the pitch P In addition, the described apparatus offers the possibility 
between the nozzles. The use of multiple jets has the to trace ageing of electronic chips due to power and tem- 
potential to maintain a greater degree of temperature uni- peraturc cycling. To realise a cyclic thermal load, a power 
fornuty across the surface. Though jet interactions may pulse is applied to the semiconductor chip while it is 
influence the local heat transfer conditions. 35 immersed in a thermostatic fluid bath. In order to create a 

The Womac correlation (4) for single and multiple uncon- large temperature difference between package surface and 
fined circular jets was then used to calculate the optimal the semiconductor junction during power dissipation the 
number of parallel jets and the optimal nozzle outlet diam- temperature of the bath is kept at very low temperature e g 
eter. The actual flow rate was determined as the intersect of -25° C. using the submerged impingement construction 
the circulation pump characteristic (thermostatic bam) and 40 The power dissipation has to be adjusted as high as the 
the load curve of the tubes and nozzle contractions. The junction temperature reaches its maximum specified oper- 
outlet flow rate of the circulation pump is split into two ating temperature. This induces a thermal load cycle, creat- 
parallel flows which are impinged perpendicular to the top ing a large thermal mismatch between the different layers of 
and bottom surfaces of the package. A schematic view of the the packaged semiconductor chip. After this power pulse 
proposed mounting arrangement is given in FIG. 4. The 45 the junction region of the chip is allowed to reach thermal 
optimal nozzle diameter <> of both water and FC-70 can be equilibrium with the fluid. The power and temperature cycle 
obtained from the graphs in FIGS. 6 and 7 respectively. can now be repeated. Those power cycles can be alternated 
showing each in the oupper right corner the amount of with thermal impedance measurements, consisting of cali- 
nozzles for each corresponding symbol. bration step and thermal response measurement step as 

It appears t hat wa ter has much better thermal properties 50 described previously, 
than FLUORINEKT liquids. When using water as the cool- Alternating the power cycles at regular time intervals with 
ing fluid, heat transfer coefficients in the order of 40,000 a thermal impedance measurement provides the in-situ 
W/m K can be obtained for an array of 5x5 nozzles with change of thermal impedance, and allows investigation of 
diameter=0.5 mm. Also for FLUORINERT FC-70. an array the ageing kinetics under thermal load condition, 
of multiple small nozzles yields the highest heat transfer 55 A remarkable advantage of the present invention is the 
coefficients. The optimal nozzle outlet diameter is somewhat itunimal requirement of knowledge and experience about the 
larger than for water; and the accompanying average heat measurement set-up due to the fact that all measurements are 
transfer coefficient is about ten times smaller. Though, completely controlled by the operating software. IniUalisa- 
comparing to an initial value of about 100 to 200 W/WK, tion and configuration of the instrumentation system is done 
the heat transfer coefficient has increased significantly and 60 automatically. 

more important, the flow field is well-defined, resulting in Furthermore, the thermostatic bath with submerged liquid 
reprc^uribic values for 1^ wmch wW approximate The jet impingement scheme creates a very stable, uniform, 
graphs below were calculated for a circulation pump with a reproducible and accurate temperature chamber. This allows 
maximum flow rate of 15 liter/min and maximum pressure a very accurate calibration of the temperature sensitive 
drop of 480 mbar. 65 electrical parameters and accurate knowledge of the package 

The thermal response measurement step starts with the reference temperature during thermal response measure- 
adjustment of the heating current l H and the measurement ment 
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We claim: 

1. An apparatus for evaluating the thermal impedance of 
a packaged semiconductor chip comprising: 

a thermostatic bath containing a fluid, said packaged 
semiconductor chip being immersed in said fluid; 

means for creating at least one liquid jet impiQging on said 
packaged semiconductor chip; and 

at least one measuring unit for measuring the temperature 
of said fluid in said bath. 

2. An apparatus as claimed in claim 1. wherein said at 
least one measuring unit includes a temperature sensor for 
measuring the temperature of the fluid in said bath; and said 
apparatus further comprising: 

adjusting means for adjusting the temperature of said 
bath; 

measuring means for measuring the value of a tempera- 
ture sensitive electrical parameter of said packaged 
semiconductor chip; 

means for forcing a small current to allow measurement 
of said temperature sensitive electrical parameter; and 

monitoring means for monitoring and storing the value of 
said temperature sensitive electrical parameter as a 
function of time. 

3. An apparatus as claimed in claim 1 or 2, wherein said 
thermostatic bath is filled with a dielectric fluid. 

4. An apparatus as claimed in claim 3, wherein said 
dielectric fluid is a silicone oil or FLUORINERT liquid with 
a boiling point above 100° C. and pour point less than -25° 
C 

5. An apparatus as claimed in claim 1. wherein said liquid 
jet creating means comprises a nozzle. 

6. An apparatus as claimed in claim 5, further comprising 
a pump means for recirculating said fluid in said bath. 

7. An apparatus as claimed in claim 1. further comprising 
a pump for recirculating said fluid in said bath and wherein 
said liquid jet creating means comprises a plurality of 
nozzles and wherein the number and diameter of said 
plurality of nozzles, and the capacity of said pump is chosen 
to ensure that the external temperature drop between pack- 
age and fluid docs not exceed a predetennined value. 
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8. An apparatus as claimed in claim 1. said apparatus 
further comprising: 

a power supply for introducing a power pulse in said 

semiconductor chip; 
switching means for switching said power supply rapidly 

on and off: and 
measuring means for measuring the value of said power 

pulse. 

9. An apparatus as claimed in claim 1 wherein said fluid 
is a gas. 

10. An apparatus as claimed in claim 1 wherein said fluid 
is a liquid of the same type as the liquid of said impinging 
jet. 

11. An apparatus as claimed in claim 1 wherein said at 
least one liquid jet impinges said packaged semiconductor 
chip at a predetermined angle. 

12. An apparatus as claimed in claim 1 wherein said at 
least one liquid jet impinges said packaged semiconductor 
chip at an angle which is substantially perpendicular. 

13. An apparatus for evaluating the thermal impedance of 
a packaged semiconductor chip comprising: 

a thermostatic bath containing a fluid, said packaged 
semiconductor chip being immersed in said fluid; 

at least one nozzle for creating a liquid jet which impinges 
on said packaged semiconductor chip; and 

at least one measuring unit for measuring the temperature 
of said fluid in said bath. 

14. An apparatus for evaluating the thermal impedance of 
a packaged semiconductor chip comprising: 

a thermostatic bath containing a fluid, said packaged 

semiconductor chip being immersed in said fluid; 
means for impinging on said packaged semiconductor 
chip for creating a shear stress between the thermostatic 
fluid bath and said packaged semiconductor chip; and 
at least one measuring unit for measuring the temperature 
of said fluid in said bath. 
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